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ABSTRACT 
This thesis investigates the use of eco-friendly copper (I) iodide or cuprous iodide 
(Cul), a p-type semiconductor material, with the incorporation of a chelating agent or 
organic ligand, called tetramethylethylenediamine (TMED@TMEDA) in the 
preparation for solid-state dye-sensitized solar cells (DSSC). The Cul solution 
incorporated with the ligand was dispersed in acetonitrile solvent and deposited on 
glass and indium-doped tin oxide (ITO) substrates. The thin film is characterized to 
study its suitability for applications in dye sensitized solar cell (DSSC), a low cost 
solar cell but having high energy conversion efficiency. From the characterization, 
compared to that of pure Cul film, its optical properties show improved band-gap 
energy, while its electrical properties show improved conductivity. An efficient solid-
state dye-sensitized solar cell (n-Ti02/dyelp-CuI) with improved stability was 
fabricated. The TMED-capped Cul crystals not only controls pore-filling of the dyed 
Ti02 layer but also improves the electrical contacts between the Ti0 2 particles, which 
in general improves the efficiency of the DSSCs. Current-voltage characteristics of 
the cell showed a larger energy conversion, achieving higher energy conversion 
efficiency and improved stability.
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CHAPTER ONE 
INTRODUCTION 
1.1 DEVELOPMENT OF Cu! AS HOLE CONDUCTOR FOR DSSC 
The property of a p-n junction plays an essential role in all semiconductor devices, 
such as in solar cells, diodes and transistors. In terms of electrical properties, electric field 
is created when p-type and n-type semiconductors are joined together creating a junction 
at the interface. The junction is formed through the flow of electrons from n-type and 
holes from p-type in opposite direction within the two types of semiconductor [1-2]. 
When a photon of light passes through the window of the solar cell, as illustrated 
in Figure 1. 1, it will be absorbed by the atoms in the n-type silicon which will cause an 
electron to be freed, creating a negative charge (electron) and positive charge (hole) 
within the junction. By absorbing more photons, the electrons will gain sufficient energy 
to overcome the material's band gap energy and will be released into the depletion zone. 
By connecting the cathode to the anode with a conductor, the negative charges from the 
cathode will flow to positive charges at the anode, creating an electric current when the 
charges flow through an external load. On the other hand, the holes that are separated 
from the free electrons will travel to the positive charges of p-type material and gathers at 
the anode at the back of the electrical contact. When the negatively charged electrons 
approach the p-type semiconductor, it will combine with the positively charged hole and 
regenerate the neutrally charged photon [2-3]. The general concept of solar cells is that 
electric energy is produced through conversion of solar radiation. The production of 
electrical energy through conversion of solar radiation using silicon solar cells, with an 
efficiency of 6%, was first discovered by staffs of Bell Telephone Laboratories [3-4]. 
With recent advancement and modernisation in technology, where solar cells have 
become a source of alternative energy for human use, studies have shown that a common 
solar device could achieve a conversion efficiency of 15 to 20% [5-6]. 
However, the use of toxic chemicals have affected its reputation as a source of 
clean energy, and its high manufacturing cost has hindered it from being widely used. 
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Such factors have stimulated this study to find alternative solar cells that is low in cost 
and uses materials that is safe to human beings and the environment. 
FIGURE 1.1
Schematic Diagram Of Conventional Silicon Based Solar Cell. 
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Recently, researchers had found other alternative to the silicon based solar cells. 
Gratzel, et al. (1991) reported that they have created an environmental friendly solar cell 
called dye sensitized solar cells (DSSCs), which is based on photo electrochemical 
reaction, and its main function works on fast regenerative mechanism [7]. Under 
laboratory testing, DSSCs have achieved efficiency in the range of 7.1% - 7.9%, which is 
similar to that of conventional solar cell [8]. The difference between DSSC and the 
conventional solar cell is that a type of dye is used as the light absorber and charge carrier 
in DSSC while silicon is used in the conventional solar cell. The inexpensive organic dye 
together with the low cost processes made it possible to commercially produce solar cells 
that exhibit energy conversion efficiency that is similar to silicon-based cells. 
Furthermore, of utmost importance, the materials used in the fabrication of DSSCs are 
environment friendly. 
Although liquid electrolytes based DSSCs under Air Mass (AM) 1.5 (1000W/m2) 
simulated light have obtained 10% efficiency [9], but evaporations of liquid cause by heat, 
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especially when the cell is improperly sealed, remain the major problem to the liquid 
electrolytes device stability. More specifically, performance of liquid cell may decline 
when the reaction between the water molecules or oxygen molecules with the electrolyte 
occur within the cell. Moreover, since the cell must be electrically wired with other cell 
to build a module or unit, it is quite difficult to get connected when chemically separated 
[10-11].
Consequently, the main objective among researchers is to improve the problems 
encountered with DSSC cells, and most researchers would prefer to replace the 
electrolyte-based DSSC with solid-state based DSSC. Several attempts have been made 
in converting electrolyte-based DSSC to solid-state based DSSC, such as utilizing ionic 
liquid electrolyte. Others have tried using p-type semiconductor and polymer electrolyte 
instead of iodine-based electrolyte [12-13]. From the attempts, it has been found that the 
stability and efficiency of the cell is good when p-type semiconductors is used, hence 
making it the best option in the fabrication of solid-state DSSCs. Some factors must be 
considered when using p-type semiconductor for fabricating solid-state DSSC [14-15] 
that has been illustrated in sub-chapter 2.2 of chapter 2. 
A number of p-type semiconductors have been identified and tested but most of 
the materials only fulfil some of the conditions; the materials include well-used materials 
in p-type semiconductors such as silicon carbide (SiC) and gallium nitrate (GaN), both 
having a large band-gap. However, both SiC and GaN require high temperatures during 
deposition, and such deposition method is unsuitable as it will certainly worsen the dye in 
DSSC. From the extensive studies conducted by researchers, it has been found that a 
group of p-type semiconductor can fulfil all the conditions stated above. This group of 
materials are based on copper compounds, such as copper (I) iodide (Cu!), copper (I) 
bromide (CuBr), or copper (I) thiocyanate (CuSCN) [12, 16-17]. Among all copper based 
materials tested, Cu! and CuSCN shows good characteristic and their conductivity are 
more than 102 Scm'. These materials can also be deposited using solution or vacuum 
deposition method to form a layer that has the ability to conduct holes [17]. CuT was first 
successfully tested for solid-state DSSC in 1995 by Tennakone, et al. [18]. Under 
simulated sunlight at about 800Wm- 2, around 1.5 2.0 mA/cm2
 output of current density 
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was produced. It is likely the most impressive current density produced to date. Further 
studies conducted by Tennakone, et al. on solid-state DSSC using CuT, around 2.4% 
improvement in efficiency has been reported when they replaced cyanidin dye with a Ru-
bipyridyl complex [19-20]. From the operations point of view, efficiency and stability are 
two important aspects that must be taken into account in a photovoltaic device. 
1.2 OBJECTIVES OF THE RESEARCH 
The problems and some of the solutions mentioned in Section 1.1 are the current 
progress in dye sensitized solar cells (DSSC5) where Cul is used as p-type material or as 
holes conductor. Hence, using Cul as the main precursor, this research proposes to 
provide an alternative approach to overcome the weakness and disadvantage of solid-
state DSSCs by introducing a new chelating agent or stabilizer that functions as a ligand 
in synthesizing Cul solution for DSSC. The contribution of this new chelating agent is to 
suppress the growth of the CuT crystal with respect to their function as an electron bridge. 
The function of the chelating agent is similar to THT used by Tennakone, et al. in CuT 
solution, but the agent will not require complicated chromatography process. The 
chelating agent to be used in this research is called tetramethylethylinediamine (TMED 
@ TMEDA). Also, with the use of this new solution, the nanostructure CuT thin film 
properties, including optical and electrical properties, will be studied. The main 
objectives of this research are: 
i. To investigate the effect of introducing TMED as chelating agent in the 
process of fabrication nanostructure Cul thin film toward the structural, 
optical and electrical properties of the thin film. 
ii. To demonstrate the effect of introducing TMED as chelating agent in the 
process of fabrication nanostructure Cul thin film toward the performance 
of n-Ti02/dye/p-CuI solid-state DSSC device. 
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1.3 SCOPE OF RESEARCH 
The aim of this research is to produce simple, low cost and high quality CuT thin 
films. The preparation of CuT thin film using sol-gel method is one of the ways that fulfils 
the requirement. In one case, the solution of CuT precursor is prepared using ecetonitrile 
as solvent, and in another case TMED is added to the Cu! solution. The deposition of Cu! 
thin films were achieved using drop and spin coating technique. Several parameters were 
taken into consideration for optimizing the Cul thin films to the desired characteristic. 
Such parameters are different molarities of Cul, different volumes of TMED that is added 
to CuT solution, the effect of annealing temperature, and the comparison of different 
deposition methods. 
Before the deposition of Cu! thin films take place, while the solution of CuT 
precursor still in the form of liquid, particle size measurement was conducted. This 
measurement is conducted to analyze the change (if any) in particle size of the main 
precursor before and after being deposited as thin films. After the CuT thin films were 
deposited with different parameters at every time of preparation, several measurements of 
its structural properties had been carried out using various instruments, such as scanning 
electron microscopy (SEM) or field emission scanning electron microscopy (FESEM) 
and atomic force microscopy (AFM). Furthermore, energy dispersive x-ray spectroscopy 
(EDX) has been used to identify the element in the sample such as the presence of 
contaminants in the specific region. Other measurements are X-ray diffractometer (XRD) 
for determining the crystal structure and orientation of CuT thin films, UV-Vis-NIR 
spectrophotometer and photoluminescence spectroscopy (PL) measuring optical 
properties and finally, two probes current-voltage (I-V) measurement system for 
electrical properties. 
Performance of dye sensitized solar cell (n-Ti02 I dye I p-CuT) was also 
considered as part of this research. CuT parameters used for fabricate DSSC is based on 
the characteristic of optimized CuT thin films. The Ti0 2 thin film for this cell was 
prepared using squeegee method with constant thickness and rhodamine B, and 
ruthenium dye was used as photon absorber. The process started by soaking the Ti0 2 thin 
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film into dye solution for 24 hours. The film is dried for some time before the deposition 
of CuT solution on top of the Ti02/dye films took place. CuT was deposited on Ti02/dye 
films using spin coating method and also drop and dry method; the methods are used to 
determine which of the two methods produce a better outcome. After the CuT deposition 
is completed, the films were annealed at a certain temperature for some time. Finally, the 
fabricated cell is measured for its efficiency. 
1.4 THESIS ORGANIZATION 
This thesis is arranged as follows: 
Chapter 1 discusses the overview of the DSSC, including how the device 
operates, its development and current status, and the related problems. This chapter also 
discusses in general the history and progress of DSSC based on Cul as p-type material 
and as holes conductor. The objectives of the research are also included in this chapter. 
In Chapter 2, literatures on DSSC are reviewed, from the history and development 
of electrolyte-based DSSC to the development of solid-state DSSC. 
Chapter 3 discusses the methodology or experimental technique used in this 
research. CuT with and without chelating agent TMED thin film preparation using sol-gel 
spin-coating method and drop and dry method is discussed. All samples preparation, 
synthesis and characterization details including their parameter and theory are discussed 
in this chapter. 
Chapter 4 presents the details of the characterization results and discussion of 
prepared p-type Cul thin film by drop and spin-coating method onto glass and ITO/FTO 
substrates. The study includes thin film surface morphology, optical and electrical 
properties at different molar concentration of Cul and annealing effect. 
Chapter 5 described the characterization of TMED-chelate Cul thin film using the 
method and measurement properties that used in chapter 4. 
Chapter 6 details the study on fabrication and the performance of the n-
Ti02/dye/p-CuT and n-Ti0 2/dye/p-CuI (TMED) heterojunction solar cells.
Chapter 7 concludes the research conducted in this study while outlining related 
future works that can be carried out.
CHAPTER TWO 
LITERATURE REVIEW 
2.1 INTRODUCTION 
In the last 15 years, in the venture to develop new and environment friendly solar 
cells, solid-state dye-sensitized solar cell (DSSC) has become of great interest to 
researchers of solar cells [1-3]. The interest in this field of research first developed with 
the study on dye-sensitized photo-electrochemical cell (DSPEC). The operational 
principle of this solid-state is similar to the conventional silicon solar cells except that the 
liquid electrolyte is replaced with either a p-type solid-state semiconductor or organic 
materials that act as holes conductor [21-31]. Furthermore, DSPEC is better than silicon 
solar cells in terms of electron-hole separation for transporting charges to different types 
of semiconductors as the quality of the electrodes used in DSPEC is based on the purity 
and the crystalline structure of either the n-type or p-type semiconductor [32]. Unlike 
DSPEC, good electron-hole mobility in silicon solar cell is dependent on the purity and 
crystalline structure of the material to exploit the inner photovoltaic effect within the 
same compound. However, being a solid-state device, silicon solar cells could be easily 
produced and lower in cost than that of PECs, since problems such as leakage, corrosion 
and packaging which appear in liquid electrolyte could be prevented [33-38]. 
Even though solid-state devices have more advantages than electrolyte-based cells, 
the current development of solid-state DSSC is still not good enough to make it into 
device level. So far, the best reported efficiency of solid-state DSSC is less than 4% as 
compared to about 10%-ll% for DSPEC solar cells [8, 39-42]. In fact, the latest 
development in solid-state DSSC is still not able to compete with DSPEC. 
In principle, the difference between DSPEC and solid-state DSSC is that the 
former is a molecular electronic device based on chemical reaction on molecular scale, 
while the later works like p-n heterojunction whose behaviour can be described in terms 
of semiconductor physics [2]. Hence, one of the factors that might have contributed to the 
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unsatisfactory development of solid-state DSSC is that the knowledge of solid-state 
DSSC is based mainly on the knowledge already developed for DSPECs. 
2.2 HISTORY OF PEC 
Research on PECs began when silicon-based solar cell has already reached 3 x 
1024
 Joules per year of solar energy in the late 60s, after world economy was facing the 
oil embargo in 1973. The supply of solar energy that was produced then seemed to be 
able to meet the energy needs of the people in the world. It was also recognized that solar 
energy was a clean energy source which could relieve the environment problems arising 
from the use of fossil fuels [8]. 
The invention of the rutile form single crystal titanium dioxide (Ti02) in the late 
1960s by Akira Fujimura was a very valuable discovery in the history of photo 
electrochemistry. It was the beginning of photo-splitting of water through the process of 
PEC as it showed the possibility of solar energy conversion into clean fuel of H 2 [43]. 
Unfortunately, Ti02 show a very low efficiency of solar energy conversion since it only 
absorbs the blue part, ultraviolet, of the solar spectrum. In the meantime, the theory and 
concept of DSPEC was used as references when Tributsch et al. [44] found the 
photocurrents in semiconducting electrode via dye sensitization in 1972. The photon 
absorbed by sensitized dye on semiconductor electrode generated photoelectric power via 
electrochemical cells. Moreover, DSPEC concept was more convincing when such a cell 
could function under red spectrum (visible light) and demonstrate good efficiency of 
solar energy conversion. In 1976, nearly 1.5% spectrum of solar efficiency is measured 
through incident photon of zinc oxide (ZnO) ceramic electrodes sensitized by Rose 
Bengal dye was reported by Tsubomura et al. [45]. On further research, through incident 
photon within the dye spectrum, the same group reported an energy efficiency conversion 
of 2.5% (Matsumura et al., 1980) [46]. The only alteration made in the experiment is by 
maximising the specific surface area of ZnO electrodes. 
A major breakthrough in DSPEC is in 1991 when Gratzel, O'Regan, et al. [7] 
Produced 7% energy conversion efficiency using electrolyte based DSSC using similar
concept as that of DSPEC. They used mesoporous Ti0 2
 in their experiments to deposit 
the film electrodes which could produce very large surface area, and used ruthenium 
bipyridyl complex as the sensitized dye that could sufficiently attached to the surface of 
Ti02 electrodes while exhibiting a wide absorption band in the visible spectrum. Since 
then, the cell created by Gratzel, came to be known as Gratzel cell, has become the 
standard model for DSPECs and has received worldwide attention on DSPECs. In 2003, 
Gratzel et al. [47] has reported 10.6% of solar energy efficiency when the cell was 
examined under full sunlight, and this value is very close to that the conventional solar 
cell.
FIGURE 2.1
Scematic Diagram Of Electrolyte Based DSSC. 
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The schematic diagram in Figure 2.1 and 2.2 shows the structure and operational 
Principal of the electrolyte based DSSC developed by Gratzel respectively. In general, the
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